ABSTRACT
INTRODUCTION
China's economy is developed continuously at a high speed. To the electric power system (EPS), all trades and professions have proposed higher requirements of the aspects such as power supply capacity, power quality, power reliability, security, technology, resource endurance, environmental protection, etc.. The government has correspondingly made a series of scientific and strict energy and environmental policy too. On one hand, China builds many large-scale hydroelectric plants and nuclear power stations, constructs ultra-high voltage power transmission system. All these measures make capacity and efficiency of the EPS improve constantly on the whole. On the other hand, electric power enterprises adopt the new and clean energy resources actively, guaranteeing leap-type progress of the EPS from source, which has relieved the electricity bottleneck on China's economic development. In the construction of the EPS, especially when it is close to the centre of urban load, because power consuming load often fluctuates according to properties and time, if we improve power supply capacity simply with growth of load, it often cause the EPS not economical and reasonable enough in structure, distribution, capacity and technology. So the electric energy storage technology as the important technological means of suppressing load fluctuation and guaranteeing power supply reliability to load, has very positive meanings.
ELECTRIC ENERGY STORAGE TECHNOLOGY
The electric energy storage technology can roughly be divided into three kinds, i.e. mechanical energy storage, chemical energy storage and energy storage of the electromagnetic field.
(1) Mechanical energy storage. Mechanical energy storage includes the traditional pumped hydro storage, also includes new developing compressed air energy storage, flywheel energy storage, etc.. (2) Chemical energy storage. Chemical energy storage systems set up on research, development and application of various large capacity chemical batteries, like lead-acid battery, nickel hydrogen battery, vanadium redox flow battery (VRB), metal-air battery, sodium sulphur battery (NAS battery), etc.. (3) Electromagnetic Energy Storage. The electromagnetic energy storage has developed new technologies such as the super capacitor and superconducting magnetic energy storage, etc. All of them build on the basic theories of electromagnetic field. These kinds of energy storage technology, each has its pluses and minuses in cost, energy storage density, technical feature and environmental impact. According to their technological characteristics, we can utilize and cooperate rationally in order to meet the different demands of energy storage. The battery electrical energy storage (BEES) has a long history. With the continuously development and progress of the electric energy storage and battery technology, the BEES has already become an important research and application subject in modern power technology.
Experimental application scheme of the BEES of Shanghai Municipal Electric Power Company
The research of NAS battery electrical energy storage by Shanghai Municipal Electric Power Company (SMEPC) regards NAS battery as the centre, the subjects of BESS connecting to the electric power system and control manners as forming a complete set. This project makes Prague, In the experiment yard we arrange a 100kW×8h NAS battery, at the same time arrange a 100kW×2h lithium-ion battery (LiFePO4 battery) energy storage system and a 100kW×1.5h Ni-MH battery energy storage system as contrast of the NAS battery energy storage system. All these make up the research model of different kinds of BESS, for demonstratively study in earlier stage for the development and application of the energy storage technology and its further use in the urban electric power system. According to the requirements of modern electrical system, the BESS constitutes the battery system, power conversion system (PCS) and control and supervision system.
(1) LiFePO4 battery LiFePO4 battery that has developed recently has long cycle life (2000 or more), use safely, better heat endurance, high energy density and is without memory effect. Already there are large capacity LiFePO4 batteries used on the electric automobile in China at present. (2) Ni/MH battery Ni/MH alkaline battery has characteristics of large capacity, firm structure and much number of charging and discharging times. Ni/MH battery is sealed nonmaintaining battery, do not include noxious substances such as Pb, Cr, Hg, etc., and dose not produce other harmful substances in the course of normally use. The battery power system combined with Ni/MH alkaline battery has already been used on the spare power of First Auto Works of China, Second Auto Works of China and Shanghai Auto Works. China's hybrid electric automobile enterprises, including enterprise winning the bid of Beijing 2008 Olympic Games, mostly adopt the Ni/MH battery system as their power. (3) NAS battery NAS battery proposed by Ford Company in 1966, was used in the related research of the electric automobile in early days. Compared with Ni/MH battery, NAS battery has a high energy density, which can reach 760Wh/kg in theory, and is lack of self-discharging phenomenon. These characteristics make it more suitable for arranging in urban areas which sometimes have strict limit in area. The cycle life of NAS battery is relatively long too, the number of charging and discharging times can reach as high as 2000 or more in theory. Its Charging and discharging efficiency is also relatively high, can be more than 90%. Many countries go on long decades already to NAS battery manufacturing technology and application study in electric energy storage. They have made a large number of achievements. By December of 2004, the whole world had probably already built 59 of more than 500kW NAS battery energy storage systems, total capacity 88MW, including two biggest NAS battery systems with specified capacity 9.6MW, 60MWh. The manufacturing cost of NAS battery is relatively high, which has limit its popularization and application. At present, it has got some popularization only in Japan where the land and energy with more conspicuous contradiction, and its power has already exceeded 20MW, the peak valley use of load in daily 8 hours is regulated. NAS battery used in energy storage experiment yard is developed cooperatively by SMEPC and Shanghai Institute of Ceramics. Its capacity is 100kW×8h, the terminal voltage is about 600V and is installed in the open. (4) VRB We have reserved one field among Hangtou energy storage experiment yard for install lower capacity VRB in the future. Compared with various batteries described above, though the VRB is relatively lower in density, its capacity depends on the capacity and density of the electrolytic liquid, so the arrangement of VRB is quite flexible. Just increasing electrolytic liquid volume and density can increase the capacity of VRB. Compared with lead-acid battery, its energy efficiency can be up to 75%~80%. The advantage of VRB on the cost is comparatively obvious too. 
Power Conversion System (PCS)
The PCS is used for realizing energy exchange between the energy storage battery and the alternating-current electrical system. The PCS has already been widely used in the distributed electricity generating technology including solar power generation system and wind power generation system. The technology of small power PCS has been already riper. In China, there is not any PCS with large capacity used to matching energy storage battery yet at present. So in the course of our researching and developing, on one hand we use it for reference in experience and technology with other comparatively ripe distributed electricity generating field, including their ripe modules and control technology; On the other hand, still based on different battery types of the project in energy storage experiment yard, we have improved the integration manner of its control method and module. While carrying on the program, we consider adopting different associations of the software and hardware based on different battery types. If the battery capacity is small, and the interface requirements of the electric power system are not very strict, we can adopt one group of batteries matching one group of PCS. If the requirements of the interface are similar, for instance Ni/MH battery and lithium-ion battery energy storage system, through revising the charging and discharging policies, curves and other parameters in the software, can implement good cooperation between the PCS and the batteries, and the flexibility and reliability could be better at this moment. The PCS should consider the problem of how to connect with urban electric power system besides solving problems described above. First of all, as a part of BESS, if the PCS wants to interconnect with urban electric power system, it must meet the corresponding requirements. When choosing the capacity, on the basis of the battery's capacity, the PCS should reserve sufficient spare capacity to satisfy load demand increasing suddenly with the large power of output in short time. According to the experience of the other countries, we dispose the capacity of PCS according to the 1.2 to 1.5 times of the battery capacity. When interconnected with the EPS, the PCS should meet the requirements in the voltage, frequency and power quality.
In the technical specifications of the PCS, we have quoted China's technical requirements for inverter system, and consulted IEEE standard for interconnecting distributed resources with electric power systems, revised some parameters for getting better result. When interconnected with the EPS with different load capacity and property, the PCS should make appropriate response to the abnormal operation mode of the system. There is a prosperous town near Hangtou energy storage experiment yard, mostly are commercial and resident user, and the local distribution network is old and complicated, so the fluctuation and trouble probability is greatly. When the EPS breaks down, loses synchronism, reclosure acts, voltage and frequency fluctuate except fixed limit, the PCS needs to cut off the interconnection with the EPS in time, in order to avoid being influenced by trouble of the EPS, also avoid influencing the safety of the EPS by importing power to the system with trouble. When unintentional island appears for faults in the point of interconnection, the PCS can detect isolation and cease to energize within 2 seconds. Also the program includes making the BESS become UPS to supply energy to the island with reliably guaranteed security in planning, for improving the power supply reliability of some important load. Still the program has plan to make the BESS interconnect with an experimental small-scale electric power system with tactics set up especially. Certainly, the PCS apparatus needs to meet the common requirement of EPS, including electromagnetic compatibility, the noise limit, explosion-proof grade, protection grade etc..
Control And Supervision System
For operating steadily, safely and reliably, the BESS must have control and supervision system with perfect functions. The control and supervisory control system of BESS is composed of the battery control and supervisory system, the grid-connection control and supervisory system and the PCS control and supervisory system. Among them the design of the control and supervision system of the battery should meet the characteristics of different batteries. Besides common functions, because the NAS battery is an high-temperature battery, the temperature detection part of the battery control and supervisory system needs especially designing. And to the VRB battery with pump, the supervisory and control function for the pump also needs to dispose. The commonability of the grid-connection control and supervision system and the PCS control and supervision system is relatively strong between different BESS.
Operation Management
The apparatus of Hangtou energy storage experiment yard are installed by SMEPC. It's different from the load or distributed generating equipment managed by the customers. During the course of experiment, we begin to explore another situation at the same time, i.e. while the apparatus are managed by the electricity customers, the requirements of the BESS (especially the control and supervision system) needs. This is a problem that can't be avoided after the BESS being popularized and applied in the urban electric power system in the future. In this case, the BESS is managed by the power consuming customers. But at planning stage in construction, the electric power company should participate in and take it into the planning of near EPS in unison. In operation, electric enterprises do not participate in controlling and operating of the BESS directly, but should grasp the BESS operation conditions in time. When the EPS breaks down, the electric power Prague, 8-11 June 2009
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company should response rationally to the bring-into or exit requirement of the BESS though the dispatching department in time. In the course described above, the electric power company should share operation information with power consuming customers, involved the partition of operation and control rights of the BESS between the user and the electric power company. The settlement of problems described above will be offered beneficial experience in our experimental operation in the experiment yard.
CONCLUSIONS
With the further increase of difference between the peak and valley power demand of Shanghai electric power system in the future, besides newly-built power plants with better peak load regulating capability or adoption of better power demand side management, another kind of method is to put the BESS with large capacity into operation, clip peak and fill valley of power demand, and save the expenses of construction, operation and maintenance of EPS. Meanwhile, to important users, the BESS can reduce the value of lost load.
Figure3 Energy Storage in the Electric Power Industry (Source: Pearl Street, Inc.) Shanghai is an international metropolis with a large scale electric power system. The power supply capacity and reliability of Shanghai electric power system have been in higher level in China all the time. SMEPC relies on the economic and scientific, technological advantages actively, walks in research and application of new technology of the electrical power in the forefront of China. As the key program of SMEPC, the accomplishment and operation of the Hangtou energy storage experiment yard will play a positive exemplary role to the operation and management of EPS under the new economic conditions.
